This study utilizes the dynamic data envelopment analysis (DEA) model by considering time to measure the energy environmental efficiency of 28 countries in the European Union (EU) during the period 2006-2013. There are three kinds of variables: input, output, and carry-over. The inputs are labor, capital, and energy consumption (EC). The undesirable outputs are greenhouse gas emissions (GHE) and sulfur oxide (SOx) emissions, and the desirable output variable is gross domestic product (GDP). The carry-over variable is gross capital formation (GCF). The empirical results show that first the dynamic DEA model can measure environment efficiency and provide optimum improvement for inefficient countries, as more than half of the EU countries should improve their environmental efficiency. Second, the average overall scores of the EU countries point out that the better period of performance is from 2009 to 2012. Third, the output variables of GHE, SOx, and GDP exhibit a significant impact on environmental efficiency. Finally, the average value of others is significantly better than high renewable energy utilization (HRE) with the Wilcoxon test. Thus, the EU's strategy for environmental energy improvement should be to pay attention to the benefits of renewable energy (RE) utilization, reducing greenhouse gas emissions (GHE), and enhancing the development of RE utilization to help achieve the goal of lower GHE.
Introduction
The International Energy Agency (IEA) [1] reported that the amount of global energy consumption continues to grow. In particular, the proportion of petrochemical energy usage has increased by over 60% from the year 2005 to 2013. When petrochemical energy reserves drop, the technology to find new reserves and mining locations becomes harder and production costs rise. The decline of oil prices has led to a slowdown in new oil development and infrastructure investment and to greater capacity risk in 2017, which may lead to an unstable relationship between energy supply and demand. IEA estimated, that under the current population and capital income growth, energy demand will continue to rise over the next 20-25 years . The global population is expected to hit 8.7 billion by 2035, with the energy using population rising by 1.6 billion. IEA forecasted that global gross domestic product (GDP) will more than double, global economic growth will rise by 88%, and carbon dioxide emissions will increase by 8% from 2013 to 2030 (reaching 34.8 billion tons) within the business policy as usual. In a low oil price scenario analysis by IEA, the energy consumption of the global transportation industry will push
The European Union (EU) is currently the largest global energy importer, relying on imports for 48 about 53% of their energy needs. This leads to an average annual cost of about 400 billion EUR.
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Spending about 1 billion EU a day on imported energy, the bloc's energy security is an important 50 restricting factor for its economic development.
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All of the EU countries signed a common strategical objective in 2008 which announced that the 52 bloc's energy efficiency would increase by 20% in 2020. The EU executive committee set a goal of ultimate goal is to develop a common framework for the energy markets, policies, and transmission 57 and distribution systems of the 28 members and to develop a diversified energy supply model, to 58 reduce the demand for specific energy, to prevent energy security problems due to inadequate energy 59 supply sources, and to solve the problems of energy inefficiency and high electricity prices due to 60 aging infrastructure. The response to climate change will be achieved through the goal of increasing 61 energy efficiency by 27% and cutting greenhouse gas emissions (GHE) by 40% by 2030 (versus 1990 62 levels), as shown in Figure 1 . Eurostat Statistics Explained [2] showed respectively the continuous The global climate has continued to warm in recent years, causing a greater number of natural disasters. The United Nations Intergovernmental Panel on Climate Change (IPCC) assessed that climate change will continue to intensify, with the main reason being carbon emissions from mankind's extensive use of oil, coal, natural gas, etc. leading to heavy GHE of carbon dioxide, nitrous oxide, methane, and other pollution, as shown in Table 1 for 1995-2016 [1,3] , the total global carbon dioxide emissions is continuing to maintain an increasing trend from 22,552 to 33,018 million tons. In particular, China's growth rate is the most amazing, with almost three times the growth, these data show. These results indicate that it has caused serious environmental deterioration. These greenhouse gases form a greenhouse effect, and had resulted in average global temperatures increasing 0.74 Celsius from 1906 to 2005, economic growth drops by 3% when the global temperature increases by 2 Celsius. Therefore, the key issue is how to reduce GHE, how to control carbon emissions, and how to slow down the impact of global warming. Reviewing the literature of environmental and energy efficiency, some studies are focused on using structural equation models to explore energy intensity, energy efficiency, industrial divisions' energy efficiency, and environmental efficiency [4, 5] . Many scholars use data envelopment analysis (DEA) as the method to assess performance [6] [7] [8] because the DEA method can handle multiple input and output items at the same time and can discover the reasons for efficiency and inefficiency. The literature of environmental performance includes not only the assessment of energy efficiency, but also examines agriculture, water resource, ecology, and building energy efficiencies, as well as the energy conservation of transportation. Thus, it must be considered that the effects of undesirable outputs for regional environmental, such as carbon dioxide emissions. However, most studies using the DEA method employ decision-making units (DMU) in the same period, but this does not account for period extension and does not consider the phenomena of capital output process delay and the input-output process across multiple periods when assessing national energy environmental efficiency.
These research methods of environmental and energy are four main directions in the field: (1) using structural equation models to explore energy intensity or energy efficiency of industrial/overall and environmental efficiency [4, 5] ; (2) using traditional DEA to explore energy and environmental efficiency assessments for different countries and industries in single period [6] [7] [8] ; (3) analyzing the relationship between GDP growth, energy and environmental [9, 10] ; and (4) energy and environmental efficiency analysis with bad output, such as CO 2 , SO 2 , etc. [11] [12] [13] [14] . The above research lacks analysis of considering the inputs and outputs of mutual influence, and environmental efficiency is affected by dynamic changes over multiple periods. Environmental performance is a complex issue; it may concern positive economic growth, energy policy and negative environmental degradation, etc. This study refers to the aforementioned literature to consider the mutual influence relationship between variables of input and output. GDP, gross capital formation (GCF), labor, capital and energy consumption (EC) belong to economics and energy policy, EC, GHE and SO 2 belong to the environmental level. This study utilizes these variables and a dynamic SBM-DEA approach to find the relationship between environmental efficiency, economic growth and energy policy. These results will provide an important reference for the EU countries in formulating environmental policy.
The purpose of this paper is therefore to investigate the performance of energy environmental efficiency in the EU countries through dynamic DEA, to observe the effects of input and output variables and multiple carryover periods in EU energy consumption, and to consider undesirable output in order to explore the negative impacts on EU energy and environmental efficiencies and productivity differences. Because economic development and environmental efficiency have a close relationship between overall input variables and good or bad output, previous studies have investigated the overall relevance less. Thus, we used EC, GHE and SO 2 as input and output items etc.; these are very important variables in affecting environmental performance, and then utilize dynamic DEA to find the effect of cross multiple periods. This study also used the Wilcoxon test to identify regional differences in environmental performance, and to find the differences between the area of high GHE and SO 2 emissions and other regions, and then also to understand the effect of the performance using renewable energy. These results will provide an important reference for these countries as energy policies. The issues are explored the energy environmental efficiencies of the EU countries in this study as the following: (1) the energy environmental efficiency value; (2) the effects of the carryover period; (3) the effects of the relationship between energy consumption and productivity; (4) the effects of undesirable output; and (5) the strategy of improving energy efficiency.
This study assesses the energy environmental efficiency of 28 countries in the EU over the period 2006-2013. The DMUs are Austria, Belgium, Czech, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg, the Netherlands, Poland, Portugal, Latvia, Lithuania, Malta, Cyprus, Bulgaria, Romania, Croatia, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom. There are many factors that affect energy environmental efficiency, such as electricity consumption, coal consumption, carbon monoxide, sulfur oxides, nitrogen oxides, industrial dust, etc. Some statistical data are incomplete, and so we use quantifiable external public data on energy consumption, capital, labor, greenhouse gases, and sulfur oxides.
The remainder of this paper is organized as follows: Section 2 is Literature Review, Section 3 is Research Methods, Section 4 is Empirical Results, and Section 5 provides the Conclusions.
Literature Review
Energy has always been one of the main elements of the development of human civilization, industrial construction, and economic development. Fossil energy has dominated human energy activities over the past 100 years, but the world is facing a gradual decline of reserves, and their excessive use has led to rapid changes in global climate. Developed countries have put forth great efforts into research and development (R&D) to improve energy efficiency and to reduce carbon emissions, such as the EU, the United States (US), and Japan (JP). US Energy Information Administration (EIA) proposed CO 2 emission of the US declined by a cumulative 3855 million metric tons (MMmt) within 2005-2017, the policy is used shifting in fossil fuels to natural gas and increasing in non-carbon generation sources [15] . Renewable energy technologies have even recently progressed, such as wind power, solar energy, and biomass energy. Thus, these developed countries are formulating various energy policies to ensure their energy security, thereby enhancing their industrial competitiveness
The relevant journal articles used undesirable outputs to assess energy environmental efficiency as follows. Sueyoshi and Goto [11] used the DEA method to measure unified (operational and environmental) and scale efficiencies among inputs and outputs of desirable and undesirable, and assessed the performances of coal-fired power plants in the northeast region of the U.S., finding significant differences in bituminous coal and sub-bituminous coal power plants' efficiencies. Woo et al. [9] used DEA to assess the dynamic environmental efficiency of renewable energy in the Organization for Economic Cooperation and Development (OECD). The input items were labor, capital, and renewable energy supply, while GDP was the desirable output, and carbon emissions were the undesirable output. The Malmquist productivity index (MPI) was applied to estimate the average efficiency change over the 2004-2011 period. The results demonstrated geographical differences in environmental efficiency across the OECD. Shabani et al. [12] proposed that the outputs contained desirable and undesirable outputs, combined the previous DEA techniques in a flexible model to select the optimum eco-efficient technology in the presence of undesirable outputs. Kuo et al. [13] examined farming environmental efficiency in Taiwan; the output contained undesirable output, and found that the DEA analysis showed that reducing pollution was the most important issue. Dritsaki and Dritsaki [4] used fully modified ordinary least squares (FMOLS) and dynamic ordinary least squares (DOLS) to estimate the long-run relationships between energy consumption (EC), economic growth (GDP), and CO 2 emissions for the panel unit root test, panel cointegration test, and panel causality test in three countries of southern Europe (Greece, Spain, and Portugal) in the period 1960-2009, and found that energy is a force for economic growth both in the short and long run, as it is driven by economic growth. Goto et al. [14] also separated outputs into desirable and undesirable categories to assess three efficiencies of various organizations with the DEA method, and found that the DEA method has an analytical capability to quantify the importance of investment on capital assets for technology innovation in the manufacturing and non-manufacturing industries in 47 prefectures of Japan and confirmed the validity of the Porter hypothesis in Japan's manufacturing industries. Thus, using undesirable outputs that assess environmental performance is an important issue. Zhao [10] examined the effects of conventional regulations on CO 2 emissions to sensitive productivity over the period 1995-2007 and found that the eastern region had the highest total factor productivity (TFP) growth rate, and the western region had the lowest under CO 2 emission restrictions; these variables had different effects on the regulation of CO 2 emissions, with sensitive measures toward productivity, such as GDP per capita, technical efficiency, capital labor ratio, energy intensity, and openness. Sueyoshi and Goto [16] discussed the outputs were not only desirable outputs (e.g., electricity), but also undesirable outputs (e.g., CO 2 ) to measure the unified efficiency of Japan's fossil fuel power generation for the period 2004-2008. Tsolas [17] used the DEA and bootstrapping model to explore the performance of Greece's fossil fuel-fired power stations, the outputs are net power (intended) and the non-intended output items were sulfur dioxide (SO 2 ), nitrogen oxide (NO x ), and carbon dioxide (CO 2 ). The results suggested that the power stations were considerably more inefficient than revealed by the initial point estimates of inefficiency.
There are also some studies used such as slacks-based measure (SBM), super SBM approach to evaluate the environmental performance, such as Dogan and Tugcu [18] estimated the technical and super efficiency scores of G20 countries in terms of electricity production for the years 1990, 1995, 2000, 2005, and 2011. The results revealed that China and Russia appeared at the top of energy efficiency rankings, France and the EU are inefficient in four of the five periods, and the US appeared inefficient for recent electricity production. Li and Lin [19] combined the super-efficiency and sequential DEA models to avoid the discriminating power problem and technical regress. The results showed that China's energy intensity fluctuate around 21%, 7.5%, and 12% for eastern, central, and western China, respectively, and eastern China has the highest level of energy technology. Thus, China must reduce the gap for improvement in energy intensity across regions. Yang et al. [20] investigated the environmental efficiency of China based on super-efficiency DEA model with DMUs from 30 provinces during the period 2000-2010, and found that the environmental efficiencies showed regional disparities, whereby Beijing and Shanghai had more efficiency, and Qinghai showed worse performance, suggesting that policies should be established to further promote production efficiency. Chang et al. [21] used the non-radial DEA SBM to explore the environmental efficiency of China's transportation sector, and proposed that China must reduce a great deal of carbon emissions-at least 1.6 million tons of oil equivalent (TOE) in Qinghai and 33 million TOE in Guangdong and Shanghai. Zhou et al. [22] used the non-radial DEA and the Malmquist approach to see the change in environmental performance over time, and found that the environmental performance of OECD countries as a whole improved from 1995 to 1997.
Some research used two-stage, dynamic DEA and also combined life cycle assessment (LCA) and analysis hierarchy process (AHP) to evaluate the environmental performance. Halkos et al. [23] applied a two-stage DEA model to evaluate sustainability efficiency indices (SEI) for European regions and the results revealed inequalities among the examined regions for the eco-efficiency stage. Wang and Feng [24] assessed the performance of China's energy, environmental, and economic efficiencies in period 2002-2011, and proposed that China perform well on the economic front, while its energy and environmental performances were not optimistic. Meng et al. [25] also proposed the two-stage DEA approach to examine the inefficiency and congestion in 16 Asia-Pacific Economic Cooperation (APEC) countries in the period 1996-2011. The results showed that energy is congested due to the fossil energy in 16 APEC countries, and that the APEC countries also should take some useful measures to control the congestion coming from non-fossil energy. Vlontzos et al. [26] employed the dynamic DEA model to evaluate the energy and environmental efficiencies of the primary sectors of the EU member state countries for the period 2001-2008, and found that the countries of Germany, Sweden and Austria, compared to the countries of Denmark, Belgium, Spain, France, and Ireland, had strong environmental protection standards, but appeared to be less energy and environmentally efficient, the eastern EU countries achieved low efficiency scores, which can be characterized as expectable, due to low technology levels being implemented in their primary production process. Wang et al. [27] measured the energy and environmental efficiencies of 29 administrative regions in China for [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The empirical results showed that the east region of China had the highest energy and environmental efficiencies, and the west region was the worst. Moreover, the energy and environmental efficiencies slightly showed in the east regions having a more balanced development than the central and west regions. Geymueller [28] used dynamic DEA to assess the performance of 50 of the largest U.S. electric transmission system operators in the period 2000-2006. Yago et al. [29] combined the life cycle assessment (LCA) and DEA method to analyze the eco-efficiency of a group of 113 wastewater treatment plants (WWTPs) located in regions across Spain, and found that the effects of the plants' efficiency are contained in the size of the facility, the climatic influence, the influent load, and the over-or under-use of the plant. Zhang and Tao [30] used the methods of analytic hierarchy process (AHP) and DEA in assessing environmental performance, and found that wind power and solar power are more suitable for the country's economic, technical, environmental, and social requirements, followed by biomass, hydropower, ocean energy, and geothermal energy. Sun et al. [31] combined the DEA and fuzzy integral assessment methods to analyze eight typical western regions in China; the results can help local governments take corresponding measures to improve their environmental performance level. Lacko and Hajduova [32] used a two-stage DEA approach to assess environmental efficiency of the EU countries, and found that the climate change and socio-economic factors are the most relevant and significant. Moutinho et al. [33] utilize DEA and Malmquist productivity index to evaluate the eco-efficiencies of German and French cities, and found that high GDP over CO 2 emissions does not imply high eco-efficiency scores. This research shows that mutual influence issues between environmental and economic development are important; it is concerned with the sustainable development strategy of coexisting economic and environmental development.
More scholars used DEA as a measurement and analysis method to evaluate energy and environmental efficiencies in the above literature. DEA can deal with multiple inputs and outputs at the same time and can find the reasons for efficiency and inefficiency and hit efficiency goals of input and output items. Energy performance mostly explores power, power plant, fuel energy, hybrid energy, transportation energy, industrial energy consumption, and technology efficiency, in order to consider the effects of undesirable output pollutants such as CO 2 and to explore the relationship of carbon dioxide (CO 2 ) emissions between regions and countries. The inputs and outputs of the above literature are more focused in the same period, as they lack carry-over periods. The input items of labor, capital, and energy consumption and the output items of GDP and carbon dioxide emissions may go across multiple periods when evaluating energy environmental efficiency. Thus, each DMU input or the corresponding output does not necessarily appear in the same period. The across multi-period production process of the dynamic DEA model is used to evaluate energy environment efficiency in this study, in order to observe the impact of the overall environment on energy efficiency over time and to explore the effects of non-intended outputs to environment efficiency. Thus, EC, GHE and SO 2 as input and output items, etc. in this study; these are very important variables in affecting environmental performance, and then utilize dynamic DEA to find the effect of cross multiple periods. They also used the Wilcoxon test to identify regional differences in environmental performance, and to find the differences between the area of high GHE and SO 2 emissions and other regions, and then also to understand the effect of the performance using renewable energy. These results will provide an important reference for these countries as energy policies.
Research Method
DEA was developed from Charnes et al. to utilize constant returns-to-scale (CRS), called the CCR model, and the BCC model of variable returns-to-scale (VRS) for Banker et al. [34, 35] . Though CCR and BCC mainly focus on desirable output or input, in real life, the production process or the content of output may not be a desirable output. In the actual production process, unwanted by-products may appear during input and output conversions, such as wastewater, exhaust gas, and carbon dioxide. In the traditional DEA model, if the relative inefficient DMUs have desirable and undesirable inputs/outputs to adjust, then they will be increased or decreased simultaneously because they cannot just increase the desirable output yet also decrease the undesirable output. To address this problem, Seiford and Zhu [36] applied their undesirable DEA model, which integrates weak disposal and strong disposal concepts, in order to measure a DMU's relative efficiency in a non-radial way. Hence, this situation can be improved.
Dynamic DEA was derived by Kloop [37] to use dynamic analysis for window analysis, followed by Färe et al. [38] who proposed the Malmquist index (MPI), but neither of them analyzed the interaction effect for two carry-over periods. Färe and Grosskopf [39] placed internal linkages into the dynamics, and the studies of dynamic analysis were followed by some research [40] [41] [42] [43] .
Tone and Tsutsui [44] proposed the weighted Slack-Based Measures (SBM) Dynamic DEA model, with carry-over as the dynamic period link. They classified them into four types: desirable (good), undesirable (bad), discretionary (free), and non-discretionary (fixed). The dynamic DEA model contained input-oriented, output-oriented, and non-oriented factors.
This study uses the non-oriented SBM dynamic DEA to find the optimal solution of overall efficiency (OE) and term efficiency. Each DMU has independent input and output in period t. Through the carry-over link of period t to the next period t+1, we can understand the changes across two periods. The structure of dynamic DEA of this study is shown in Figure 2 . 
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Carry-over t+1 This model sets up n DMUs (j = 1, . . . ,n) over T periods (t = 1, . . . ,T). The DMUs have m inputs and s outputs in each period, and four category links, zgood, zbad, zfree, and zfix, carry over from period t to period t+1. The carry-over can be guaranteed by the following equation:
Here, the symbol α shows good, bad, free, or fix, and the non-oriented overall efficiency (θ*) is calculated by Equation (2), where ω t and ω i are weights to period t and the input:
The non-oriented term efficiency (σ*) is shown in Equation (3):
Empirical Result and Discussion
The research of energy efficiency has focused on the optimal production boundary of the production process, in order to create the most efficient combination of input and output. These studies simply considered the input of energy as energy density, ignoring the effects of other inputs to create desired outputs. Therefore, energy efficiency not only considers the inputs of energy consumption, net labor, and fixed capital, but also considers the production of polluting emissions, resulting in a cost burden upon the social environment and reducing the overall welfare of society. In this study, the input items are labor, capital, and energy consumption (EC), the variables of output are the intended outputs of GDP and the undesirable outputs of GHE (such as six kinds of legal GHE: carbon dioxide, methane, nitrous oxide, fluorinated hydrocarbon, perfluorocarbon and sulfur hexafluoride) and sulfur oxide (SOx) emissions, and use gross capital formation (GCF) as carry-over variable, in order to obtain a more accurate description of the output boundary and to expand analysis of energy environmental efficiency. Thus, this study's variables are economic variables, energy variables, environmental variables, and time factors. Table 2 show the variables' definitions of inputs, outputs, and carry-over. 
GDP million EUR
The market value of EU countries' statistics using the factors of production to produce all final products (products and services) in a period.
Carry-over GCF Million EUR
The total value of gross fixed capital formation, changes in inventories and acquisitions less disposals of valuables for a unit, an institutional sector, or the whole economy in national accounts.
Source: Eurostat Statistics explained [2] .
The descriptive statistics of the input and output variable data results are shown in Tables 3  and 4 There were significant impact relationships between the input and output variables as the Pearson correlation coefficients show in Table 5 , and find that EC has a very significant positive correlation with Capital, Labor, GHE, SOx, and GDP; Capital has a very significant positive correlation with Labor, GHE, SOx, and GDP; and Labor has a very significant positive correlation with GHE, SOx, and GDP. This shows that these countries in the EU must improve their environmental conditions by promoting GDP growth, which has a significant impact on the relationship from 2006 to 2013. In this study, we use the Dynamic DEA-SBM method to evaluate the energy environmental efficiency of 28 countries of the EU in 2006-2013, with results in Table 6 . This shows the polarization distribution of the overall efficiency (OE) of energy environmental efficiency; the efficient countries are Denmark, Ireland, Cyprus, Luxembourg, Malta, and Latvia (efficiency value is 1 or above 0.9). The countries that need to improve efficiency (efficiency value is below 0.1) are United Kingdom, Germany, Italy, France, Spain, Poland, Portugal and Greece. Some countries such as Denmark, Ireland, Cyprus, Luxembourg, Malta, Latvia, Estonia, Sweden, Slovenia and the Netherlands have a TOE value larger than the AVE value (0.4044) but smaller than AVE value. It shows that, among the 28 countries of the EU, more than half still need to improve their environmental efficiency. The results show that larger countries have poor energy environmental efficiency, and smaller countries have good efficiency value, indicating that the effects of economic and environmental variables are more complex in larger countries. The AVE value of term efficiency (TE) had the largest value (0.5887) in 2011, indicating that the overall energy environmental efficiency of EU countries was at an optimum during that year; it had the lowest value (0.3914) in 2006, meaning that the overall energy environmental efficiency of EU countries was the worst that year. The AVE of term efficiency shows a better interval in the period 2009-2012. The term efficiency values of Denmark, Ireland, Cyprus, Luxembourg and Malta became smaller from 2006 to 2013; the value of term efficiency equals 1, indicating stable energy environmental efficiency in these countries. The term efficiency values of Belgium, Bulgaria, Czech, Spain, the Netherlands, Austria, Romania, Slovenia, Finland and Sweden became larger; the value equals 1 or less than 0.1 for the period 2006-2013, showing unstable energy environmental efficiency in these countries, and so they must have more specific energy policies to make energy efficiency turn more stable. The term efficiencies of Germany, Greece, France, Italy, Lithuania, Hungary, Poland, Portugal, Slovakia and the United Kingdom changed very little, but the values were relatively lower than other countries. The values were less than 0.1, indicating that these countries must improve their strategies of energy environmental efficiency. The geographical distribution of these countries was split up between Western Europe and Eastern Europe. These results are consistent with cross multiple periods have a significant impact on environmental efficiency in Sueyoshi and Goto [16] . The traditional DEA of constant returns to scale (CRS) considers individual DMUs to find the set of virtual multipliers with the highest efficiency value under the same constraints, but it may cause multiple efficient DMUs with different virtual multipliers, its efficiency value is overall technical efficiency. The dynamic DEA approach is contained inputs and outputs of over multiple periods, and can utilize good or bad carry-over to find the effect of carry-over activities between two consecutive terms; it is a radial approach and can obtain non-uniform inputs and outputs' factor efficiencies; it is a good approach to evaluate energy and environmental efficiency that may have a cross-year continuity impact, so this study uses this approach.
The main factors leading to poor energy environmental efficiency were EC or GHE and SOx emissions in the EU countries. There are higher scores of emissions of GHE and SOx in countries like the United Kingdom and Germany. From the adjusted values of input items, output items, and carry-over, the United Kingdom, Germany, Italy, France and Portugal were less likely to have excess investment of input items, but, in order to improve environmental performance, they must reduce the undesirable outputs of GHE and SOx and increase carry-over of GCF during the period 2006-2013. However, Poland, Greece, Hungary, Slovakia, Lithuania and Croatia had excess input of EC and labor and thus must adjust the values of input items to the two, while reducing the undesirable outputs of GHE and SOx and increasing the desirable output of GDP.
The carry-over variable is GCF in this study, which can help us understand whether there will be good results into the next year. Thus, this value indicates the effect of efficiency across periods. Germany, Greece, Croatia, Italy, Lithuania, Poland, Portugal and the United Kingdom have to adjust the percentage makeup of more than four terms, shown in Table 7 , which may lead to inefficiency in these periods for these countries. Although some previous research focused on dynamic DEA and using CO 2 emission in evaluating environmental performance [10] [11] [12] [13] , this study is also combined with a dynamic model and used bad outputs to assess environmental performance, and the dynamic SBM-DEA can find the effects of cross multiple periods of some variables. Therefore, this study is different from this research to use GCF as the carry-over. This may be affected by good output (GDP) and bad output (GHE and SO x ), and find that the United Kingdom and Germany are relatively poor environmental efficiency, their carry-over adjustment percentages are relatively bigger, and GHE adjustment percentages are also relatively bigger. This indicates that these DMUs must work on environmental strategies to reduce bad output, these variables of input/output and carry-over can really find the mutual influence relationship in environmental performance within the period 2006-2013 in this study, these results will provide an important reference for the EU countries in formulating environmental strategies. The larger values of adjustment variables are 85.42% and 55.77% for Greece in 2012 and 2013. Greece and the United Kingdom have to adjust the GCF value over a multi-period, which also causes poor long-term energy environmental efficiency values. These countries must propose a better policy to increase GCF strategies, such as emphasizing changes of inventories and acquisitions in the measures of energy use and environmental protection.
In order to understand whether the effect of energy environmental efficiency exhibits geography differences between the east and west of the EU, we use the Wilcoxon test. We divide the geography into 14 east EU countries of Bulgaria, Czech, Estonia, Greece, Croatia, Cyprus, Latvia, Lithuania, Hungary, Malta, Poland, Romania, Slovenia and Slovakia (AVE of OE was 0.4485) and 14 west EU countries of Belgium, Denmark, Germany, Ireland, Spain, France, Italy, the Netherlands, Luxembourg, Austria, Portugal, Finland, Sweden and the United Kingdom. (AVE of OE was 0.3603). The Wilcoxon test p-value was 0.3533, showing that energy environmental efficiency values are not affected by the geographical location of the countries. The results are in Table 8 .
We want to understand the effects of energy environmental efficiency in the different GDP values of EU countries, by using the GDP of predicted percentage (adjusted) values. We divide the group into higher growth GDP (HGDP) countries when they contain an AVE value larger than the total AVE value (0.97) in the period 2006-2013. This group includes Estonia, Spain, Cyprus, Latvia, Hungary, the Netherlands, Austria, Poland, Romania and Slovenia. The lower growth GDP countries (others) are Belgium and Bulgaria, etc. as shown in Table 9 . This study use Imports/GDP as a verification variable to understand the relationship between external variables and environmental efficiency. These imports data come from Eurostat Statistics Explained [2] , the largest value is 14,481 million EUR of Germany, the least value is 12 million EUR of Latvia in 2013, this study divides groups into larger than average (is Imports/GDP larger than average value 0.3811% of these variables, and others are less than average, it shows in Table 8 , and finds that there is no significant relationship between external variables and environmental efficiency. The results of the Wilcoxon test of GDP are in Table 8 . The p-value of 0.065 indicates no overall significant difference in the EU countries. The most significant relationship is in 2013, where the p-value is 0.0011**. The energy environmental efficiency of the HGDP countries (0.5180) was higher than others (0.4600), followed by 2012 with a p-value of 0.0123*, and 2006 and 2007 which are at 0.0129*. These results are consistent with GDP and bad outputs have a significant impact on environmental efficiency in Dritsaki and Dritsaki [4] .
The higher GHE (HGHE) countries have an adjustment percentage larger than 20%. They include Portugal, Poland, Spain, France, Italy, Germany and the United Kingdom. The other countries (adjustment percentage lower than 20%) are also in Table 10 . The results of the Wilcoxon test are in Table 8 , where the p-value is 0.0031**, confirming that the energy environmental efficiency of the other EU countries (0.5118) is significantly better than that of HGHG countries (0.0823). The most significant relationship is in 2013, where the p-value is 0.0005***, followed by 2012 with a p-value of 0.0048**, and 2006 and 2007 at 0.0060**. As with the same method with GHE, the SOx emissions were divided into high SOx emission countries (predicted to reduce emissions by more than 10%), are the Netherlands, Hungary, Greece, Portugal, Poland, Spain, France, Italy, Germany and the United Kingdom, and there are 18 countries remaining. The results of the Wilcoxon test are in Table 8 . The p-value is 0.0013**, confirming that the energy environmental efficiency of the other EU countries is significantly better than that of high SOx emissions' countries. The most significant relationships are in 2006, 2007, and 2012 , where the p-values are 0.0006***, followed by 2013 with a p-value of 0.0011**, and 2011 at 0.0079**.
As shown in For the strategy of RE utilization in EU, the countries must pay attention to the benefits of RE utilization and reducing GHE, promote the development of effective EC patterns, and improve the development of RE utilization to achieve the goal of reducing GHE. Through the data / sample period ends in 2013 of this study, but the European Environment Agency (EEA) [45] proposed that the emissions of undesirable gas still have no significant reduction trend during 2013-2016, the results show in Appendix A that the undesirable gas is contained SOx, COx, NH3, non-methane volatile organic compounds (NMVOC) and fine particle (PM2.5). The GDP of economic index that continues to maintain stable development in 2010-2016 is about 17 trillion US$; therefore, the issues of economic development and environmental protection must continue to be concerned. These results are still significantly linked to the period set 2006-2013 in this study.
Conclusions and Policy Implications
This research uses the dynamic DEA model to measure the energy environmental efficiency of 28 countries in the EU from 2006 to 2013. The results provide a reference for them develop an energy policy. When countries exhibit inefficiency for the overall period or in certain years, then they can think of how to improve and adjust the input variables (EC, capital, and labor) and the carry-over variable of GCF, so that they can achieve high efficiency. The EU can also consider how to reduce GHE and Sox emissions of undesirable outputs and to raise GDP through an increase of desirable outputs. The energy environmental efficiencies of the 28 countries present a polarized distribution, in which more than half need to improve their efficiency. Denmark, Ireland, Cyprus, Luxembourg and Malta are the best energy environmental efficiency, these values of efficiency are equal to 1. The worst inefficiency is United Kingdom, Germany, Italy, France and Spain, the overall values of environmental efficiency are 0.0107, 0.0141, 0.0177, 0.0192 and 0.0255 in periods 2006-2013. Moreover, Latvia, Spain, Sweden, Bulgaria, Austria, Czech, Belgium, the Netherlands, Finland and Austria show larger changes in efficiency value during the period 2006-2013. The overall efficiency from 2009 to 2012 turns better, but the global financial crisis and its after-effects occurred during most of this time. Thus, the economic downturn led to relatively good energy and environmental efficiency.
We use the Wilcoxon test method to analyze the effects of geography on energy environmental efficiency for eastern and western Europe. The results showed that the effect is not significant (p-value = 0.3533) for the EU countries over the whole time. The overall efficiency less than average value 0.4044, had Belgium and Bulgaria, etc. 18 countries, the reasons for inefficiency were due to excessive EC, the projection difference (%) in order 50.89, 50.54, 32.77, 41.27, 35.11, 35.29, 33 .90 and 53.50 in periods 2006-2013, indicating that energy consumption is a main factor in environmental inefficiency, so we suggest the EU countries should promote the strategy of energy conservation and reducing GHE emissions. These countries can focus on industries and countries with higher discharges of carbon dioxide, in order to improve their efficiency in energy use, to reduce carbon emissions, and thus to control GHE emissions. The EU countries must propose an effective constraints policy that reduces internal resistance and cohesion consensus of all countries and effectively enhances energy and environmental efficiency.
The major economic countries of EU, such as United Kingdom, Germany, Italy and France, have a low efficiency score due to higher emissions of GHE and Sox, and the adjustment difference (%) is 148.07, 100, 165.02 and 183.65. However, decreasing the pollutants of GHE and Sox is required to achieve a certain economic level, which can slightly improve energy environmental efficiency. It could be found that Sox emissions may be related to industry, metal manufacturing, mining, etc., such as Poland being the country with the greatest Sox emissions in the 28 EU countries. Therefore, it may be a good way for the EU to formulate policies of reducing emissions that target these sectors and focus on controlling Sox and other pollutant emissions. The AVE value of the others group was significantly better than the HRE group in RE utilization. Hence, a strategy of energy environmental efficiency in EU must pay attention to the benefits of RE utilization and reducing GHE, promote the development of effective EC patterns, and improve the development of RE utilization to achieve the goal of reducing GHE. The shortcomings of this study are that it can't deal with the largest efficiency being equal to 1 and statistical interval problems. To solve these problems, future researchers can choose to use a resampling super DEA approach, but these methods have significant differences in the direction of the discussion.
